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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a new aconitase gene associated with acetic acid 
resistance, a microorganism by using the gene, and to provide a method for producing a vinegar 
having a high concentration of acetic acid by using the microorganism. 

SOLUTION: A protein having a specific amino acid sequence derived from the acetobacter and 
aconitase activity, the DNA encoding the protein, the microorganism containing the DNA and 
the method for producing the vinegar having the high concentration of acetic acid by using the 
microorganism are provided. 
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(57) imm («eje*> 

[BUB] «WttfcH*t5lf«*T3^- gjge 
b? w^Kfca — KtSDNA, mfeDNA^r-g-tr 



- 1 - 



[lf**i] TBoWXI4Cb)©^^<^K. 

( a ) ia?uawia?ij#-§- 2 trie«c<7?r 5 / S8eyij«r*rr 5 

(b) E?lJ«©E5«l## 2 t'lEicCDT 5 / «E JflU:*5l » 
[ff**2] T!E<0(a)Xli(b)<E>*i"^«o 

(a) sa?u^roie?'j#-^ 4 ia*w r%j ihetij s-w-r 3 ? 

(b) sm$t<omMtt 4 trsE*cor 5 y mmm\zw * 

[If**3] TE« WXttW v^i'Kt = - K 

(a) §a?iJswsa?«#-5§- 2 ^ie«c<or 5 / mw.mzm-rz> 

9 ^;<9W» 

(b) mm<nmm^ 2 kie*<dt 5 / mmi-^ * 

[ff**4] T8E<^(a)Xli(b)<D^^/<^KSr = -K 
tSDNA, 

(a) ga^mo sa?ij#-§- 4 fEfco r 5 y sfeBB^iJ z^-t z> 9 

(b) ia?iJ*»ia?iJ##-4 mi2*<Z>T 5 y g?ia?iJI~*^ 

[if** 5 ] TISCO (a) Xli (b) <Difi&ia?i];)> 5 D 
N A„ 

(a) W#* 1 (r|E«rom*ia?lJW 9 3 5 4 
~3 0 6 

(b) E?U#^§- 1 fc|Btt<oa06E?iJ«> 5 *>> 3 5 

4-3 0 6 5rt><b&3&&EW>b# ; 5DNAXIif£D 

[ it** 6 ] tab <o (a) xi* (b) <nt&mmm> e> * * d 

NA 0 

( a ) E?ij##3 k:kikw8UBE?90> 5 *>. 4 s 

9~3 1 7 g^bft^DNAo 

(b) E5iJ#* 3 ir|EScW«aSa?iJW 5 *S#-§"4 8 
9-3 1 7 9tf»?>#5&£E?nJa>bft5DNAXj4&D 

* — ^gtt-Sr^i-S^V^^SI* 3 - KtSDNA, 
[lf*« 7] If** 3, 4, 5X(i6lr|S«cWDNA 
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[if**8] g&IM'ri? h'<?9-%,. Xtt^a 

-T em ** 7 KIB*<&*£«. 
[If** 9] |f**7X(i8lC|B«wm^5:T^3 

10 [»W©»iHB<CttW] 
[0 0 0 1 1 

^ flEite^Sr^trtft^Ufc. «H7t b/<^^-S (Ac 
15 etobacter) M^ayTt h^^^-I (Gluconace 
tobacter) KJR-t-3ftgfe«, KtfihbWfSfttfflV^ 

[0 0 0 2] 

20 HS*«5Stfl51 B»«4*BI^Jafc<*J/fl3itvC''** 

s*u-o*s. &mm-c\L mm*<D^? ;-*tmm 
[0003] t<DM, mm^m^^^x\t. x^om^^ 

(ftlfeWttite*) Sr*n— sU^U -t©ftB*SM43B 

35 

[0004] rft£t?wftg^wft8ffli145fite^t-B8^ 
5*PjL£ Ltli, T-fe JR^ftSSM^ftSfeiBW* 
S:2CHS-er-Cf|!*«Sttl=bfc«S:5croW14lw|g|«$* 

40 5 SOfOJtfi^ (a a r A, a a r B, aarC) 

nv=- (J. Bacterid.) , 17 2#, 20 961, 1 
9 9 0^) , a a r Ajt^j 1 !*^ ^i^^a fi^BI 

SdSra— K-r-5iS'B : f--e*>9v X> a a r C lift 
45 ^co^iilr^-t"^^^ 3 -^?'*^'^* 35 ^^ 
^$4xfc^. a a r g*e*fcoi*Ttt*MBa<*9J-<?*> 

K-;qtiy^7!ly^ (J. Ferment. Bioen 
g. ) , 7 6t, 2 7 OH, 1 9 9 3¥) . 

5 o [00 0 51 i*i6«>3o«)|Hli8tt*frf**triie 
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^ h , <{7 . r-tf- • ^-f^^'s—x • y i-J* i 

F03 2 8 8 (Acetobacter aceti subsp. xylinum IFO 
3288) a5^JgWB»U-C#b^fc^WE«»l4,' BEBftH 
14tO[6]±U-</^ 5 fii^-CL^< * *fc^<7)P^S# 

3-219878 , 
[0 0 0 6] — gm&frh? 
-%W7i\sft KJUbKsfl** (ALDH) Sra— Ki-6* 

2 3 6 A%^mcM^XvX.\^ a LA>U ALDHI4 
[0 0 0 7] r<0±5*H«» i e>» BH»fiN4«:*ffl i"* 

vut?rsj±$-ti:5 zmmzft-tzf' w^sc*^— K-rs 

[00 0 8] 

jg-T 5 SrtWrf- 5 - t & 1 & £ 1" £ t X- 5 . 
[0 0 0 9] 

looio] fs^waTOt^e^wttttfrSstt* s» 

BroffBMSttroSEIWfeSrtt*-* - **^-*^ n-3>- 

JtS:£ < fit>i%X v fc^ffiSr BH^ U7c 0 
[ooiil rcD^ffitcioT, £WK:AW«3gfcfflv* 
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[0 0 1 2] Wfcitfc-Wit^f-tt, DDBJ/EMB 
L/G e n b a nk»««S, HI 3 

^"CV^, 7a = ^- tfaconitase (7a=yHtK 
05 7^—' tfaconitato hydratase) — 3¥<0* V 

a?* f(07 5 / ^K?iJ fc IBPH45r^i-gl5^ 5 fc 5 t r h 
frb, gtiiW7 = ^?-^ (73='/ hffift K?*- 

10 [0 0 1 3] U*»U Sl#$nfcStiS«WT3 3*— f 

fcii^b, ^coT3 = *— Ifjt'E^ i:ffl"CV>5 1 b<OW 

»r 3 ~ * --gae* ttftH**Ki**wfc*rfc* 

I'Tir h/^^*— JRtcJR-f5>Ri6awT3 3*— ea-B 
20 [0 0 1 4] Kae^-Sr^^S K^^-lw* 

30 [0 0 15] -r^^*>*5SK»4, WTW (1) ~ (9) 

(1) ElT»(a)Xtt(b)ffl^y/^f, 

(a) ia?ij«<7?ia?'j#^- 2 (wiEftwr ? / ^ga?'JS:*-i-s 

35 (b) E9!I*«)E59*# 2 i'lEfcWT 5 / Bfeia^UJC*3V » 

(2) WTO(a)XI4(b)CO*>-^^Ko 

40 (a) Id?iJ*COia?iJ#"§-4fE*<73T5 y^ia?iJ5r*-t"?)^ 

45 tt«r#1-5 

(3) £!T<7?(a)3?.(4(b)C0*^^KS:= I - K"*"SD 

NA, 

(a) ga?iJ*co@S?iJ#-§- 2 lrfE«cC0T 5 / gJia^JSr^-f 5 

so (b) mm<os.mm% 2 (wfEitor 5 j » 
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-C, l^LXtt&ewTS /fk<OX^ B**L<tt# 

( 4 ) «TW (a) X (b) <D 9 y* 9 % * = - 6 D 
NA„ 1 

(a) &?imwia?ij## 4 ie*<ot 5 / mm 9 

y<9'go 

(b) ga?«wia?y#^ 4 ^ Ett«?r $ / wewfcjsv - 

( 5 ) SAT <T> (a) X (4 (b) <o«aE5iJ*> 6WDNA. 

(a) 1 !wfE*cWi£SSB?'J^ 5 *>, 3 5 
4~3 0 6 5A»S>#3DNA, 

(b) ia?"j#-§- 1 i-is*«^SBa?iJw 5 tas#^-3 5 

4-3 0 6 5*»e>*5«U£E?!l*>e>*5DNAXtt«D 
N A <£>-gR £ tt *Wfc*UHE?»»& * 5 D N A t 7 h V 

9 — tfftttfc* i"5 * =— K-T 5 D N A. 

( 6 ) UT*> (a) X|± (b) (Om&W.nfr b4SDNA. 
L 

9 — 3 1 7 9A^'i5DNA, 

(b)K?lJ#^3KfE#W&£K?'Jtf>5*>, &£#^4 8 
9~3 l 7 g^feftsataSE^fe'iSDNAXttKD 
NAO-fPt«*«)^«*E^*^*5DNAi:^ hy 

^^hft^T-cWT-yy-fXu T=l ~ 

(7) (3) , (4) , (5) XI* (6) KIE*«>D 
(7) fcIE*0>«£*J. 

(9) (7) XI4 (8) tfBtt«5*4*SrT^3-A' 
[0 0 16] *«WfcJ:ixtf, b-C, BWt 

[0 0 17] 

iftWfDmmnmm eat, ^ssKSrttWfcraw - **** 

(1) ^fSW^DNA 



#3S8«>DNAi:L-C, ftffftKB, E?«*E?9#*1 
354-3065 XttSm&BMtt 3»4 
)5 8 9~3 1 7 9*»fe*S*SEJU«:#i-*DNAa«16tf 

[0018] ia?ij#^-ix(4 3i^-r^:Sia?ij(4, dd 

BJ/EMBL/GenbankMSWI S S-PR 
OT/P I Rd&V^-Ctf^o i>— #^Ufci T$ 
10 ./ MHEyHW-VWC^JMS (Escherichia coli) Men 
A»e^-i:5 5. 1%, • 3-3.— *7>f 7 

(Legionella pneumophila) WAc nlfe^i <b 5 6 . 

#0XS:Vvta|HH4-c*)9» ^Jx^^y/^S^^-Kt 

fc, -hfEWAc nAlWAc nlW41f« 

73^ — If & Vm b"C V >S :t I4£ 

[0 0 19] ^WDNAIi^rotSfiWMbii'i: 

Sofcwt. ^m«ia5ij^s<5^r-&^ufc^y 3-7* 
2 (ge?iJ#-*§-6) &*jv\ mm. «*.tfr*h^^# 

— • Tirf-N o . 1 0 2 3 (Acetobacter aceti No. 102 
3IFERM BP-2287)royy^DNASrfflV>SJi«y > 

7" • 'Jx.Jf.'rj (Trends Genet. ) 5%, 185 

jc, i 989¥) icior, t-ittmmm&mz&<5^ 

y / A D N A 9 -f 7* 7 y -srfflv > t* y 

mi4\ ma5$^TV>5ffi^WDNA-&^ 

14, T-?74 ]T/<4**yX 1 rJ*X&. (Applied Biosyste 
ms) %(T>y—*>^4 9 y — G e n e Am p 2 4 0 0 <t 
5 iffcfflv\ TaqDNA#M?Hf (SS3itfc») ^ 
KOD-P 1 u s- (*J**M«fc«> Sr«ffl^> 

[0 0 2 0] Tm^r^^-9-^^:^^^^^ 

0 7-3=*— WSttMA***,*^*** ixr±**«>tt 
ftiXliM»r^S?« x^XI4#*D$H/c 

[0021] :cj:)i!i!r3=#H?sttttt5?v 

50 [0 0 2 2] HR«rtE*W<^K©TS>'»iWI 
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%0 2 3] JWWWztt. T-fe h/***-***'*' 3 *' 
4-3 0 6 s*»bft«*iWEJI*r**t-6DNA4:«*l«J 

[00 24] r. CT-V^ * VS^aV VtliGiWrtft, 
[0 0 2 5] (2) 



r-fe 

[00 2 6] T-fe h/<* *HR*B®t U-C*frWlwtt, 
T-fe ' T-fe^ - (Acetobacter aceti) 75 5 ^tf 

btV, rt(-/^?-'7tfNo. 1 0 2 3 (Acetob 
acteraceti No. 1023) « ^*-KF E 

RM BP-2 28 7t LT^ft) A^^HSo 

[ 0 0 2 7] tfc, ^vayTt — JR&fl^t L- 

TttU ^3y7tb^^- ,I ^ :: ^ (Gluconac 
etobacter entanii) tfUfclffeft, T*h 

q ^nyTt h^**--JR~*Wwfcofc, T-fe h'< 
. 7/l,h7tfW^MH-2,4 (Acetobacter 

altoacetigenes MH-24) ft (Wf4*«K*^*-»=F 

erm bp -4 9 i iitw fttt 

$irDNA®rJT&T-fe H^*-IWB«+-C«*±<« 



A£ffl^t\ T-fe h/<^^-fUB**r»Wafc+5-i: 

[0 0 2 8] ^fe^DNA±C0^jtfe^C0^o^ 
-*-E?U£. T-fe h^^*-I^ 3 >7t t^<* 
05 ^_ m ^piB^T'^<t<«te-r^<tfeW^n^-^-E 

w*.ti±mw*>7? ^n- P BR3 2 2 &mm#. 

8 9 (SHJttfcM) co*^i , ->^»tt»^, ^7^. 

SKpHSG3 9 6 (SffiJSttK) ©?07A7x = = 

[0029] wie*oiBBrt 3 ^HR©«*tt. 

20 "C'£3„ 

[00 3 0] v/Pfnlf^^-iLm pMV2 

^b/<^b^- (Appl. Environ. Microbiol.) 5 5 
m, 1 7 11, 1 9 8 9¥) ^pTA5 0 0 1 (a), p 
25 TA5 00 l(b) mWW 6 0 - 9 4 8 8 

5^- by— (Agric. Biol. Chem. ) 5 2#, 3 125 
H, 1 9 8 8¥) fcS)tfffeft*. ^y^^ 
30 kLTtt, Mu*I S 1 45 24£*«IHffeil5. 

[00 3 1] T-fe h/^^-m^^^^T-fe h/^^ 
— JRWgl&M^CDDNArogAtes ifrftStfA'v' 

(T^y*/^a-7^ • TyK-^to^i" 

h y — (Agric. Biol. Chem.) 4 9t, p. 2 0 9 1 , 
35 1 9 85¥) ^xW^hcJt?l/->9yft WW 
./M*7^/nvM--T^K-^-i*'7-S* 
hV— (Biosci. Biotech. Biochem.) , 5 8t> 9 7 
4g, 1994¥) *KJ:o-Cff*5 r 

[0 0 3 2] (3) *@lF|!!3tft 

T> T^=-^'(tffi : S:*-r?) , bW§:T^=-^** 
50 [00 3 3] «8W«)|Bt»K*5lt*WW S *'*' 
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[00 3 4] 

Ht?fc9, 2. 7-6. 5<at6H##*L<, 
ftflttftS, J: otWItS - i tt?f 5o il 

[0 0 3 5] 

(1) r = ^^— *3te : F-0>^o— — 
T"fe — ■ Tir^No. 1 0 2 3 (Acetobacter 

aceti No. 1023) W (FERM BP-2287) «: 1 
%60RB6SrfrtfYPGifrfl& (3%^ = — 0. 5% 

% o. 2%*^yhy) Srfllv^-c, 3 ox: 

(7, 5 0 0X gs io») ttt*S:»fc. 
»«:£S*^YPGJ£Jfi-0b, IrIIRU: LT, W 

2, 0 0 0x g> 10^) UT»bnfc±S*«Sr. 
*fotejH38*Ci^Pi (4 0 0, OOOXg, mfflfl) 

[0 0 3 6] :(0±S^2XSDS-PAGEi*l 
mWM (0. 125MTris-HCl (pH6. 

8 ) , 1 0 % 2 — M ercaptoethanol, 4 
%SD S, 1 0%S u c r o s e x 0. 0 0 4%B r o 
mophenolblue) CI :1 <DitmX*M& U 

S-PAGE*^*«Jbfcft, CBB^feU 
iftSr^tpYPGi&ai-e^WbfctOfc, Bfflfc*r***V* 
Y P GiS«-C4tLfc b ff> fc S: Jttt 1^5, 

9 0 k D a <Os<> Yft 1 %WlfcSr^tP**"C**Ufcb 

[0 0 3 7] ^O^^^^titlbTV^c/^KSrP 
VDFii:(E»u /*fficoT^: y^ia^J^r^n^ 

^iJf±Me t -Ly s -Th r - Va I — G I y — H i s 
— As p-Ly s — Leu — Ly s— Th r-Gl y — 



[0038] ±ia<or s j mm^Mc ttt y * 

05 K#*SphI (SS36tt«) UfcbOfcW 
LT, IMF yA>fy U ^>f-£— ^Srfx^ofcio 
[0 0 3 9] «J4. 6kbpWfiIl:^r 

J;t)ftffiU * - p U C 1 9 (OSJI8»i S p 

io hiM»7^^-'>3yU ;UI§0 jmi o 9tfc 

K:»fOEtfcU 1 0 0 //g/ra 1 (DT^^f!) ^*^tr 

yyy y-f if— vcfflv^cbotiRic^y ^ 

t£> ^7^^ KDNAS:Itif)^^T>fy4»ISte* 

•fcOflWrU -=Etcq*S*. EllU:^Lfc#*J3. 6kbp(7) 
Sphl-Xbal WfK-SrflftBbfco 

20 [0040] (2) ^ksnfcate^wf^iiafi 

K?IJ<7)$i/&*, S^DNAi^iiS^l^ffi 

fco -t^rt, **Lfc3 0 7 3«S©ffltEJiJSr, EJ»] 
H^-ltc^Lfco 

[0041] ew##i i^^auHwm-r** «s# 

f3 5 4^bSlff3 0 6 SfcUMfC, Id?iJ#^2(C 
30 IB«cbfcJ:5^9 0 4<@(7PT^/^^='-K'r^^7 P 

ttMe t-Lys-Thr-Val-Gl y-H i s - 
As p-Ly s— Leu — Ly s— Th r— G 1 y— A 
35 rgtfct), *K*JELfctt*^^KON**IMflor 

[0 0 4 2] Jf/ls^l/T-t h'<?#— ' 3i 

40 (1) ^ffDNA7>f^7y^S 

^yUrz VTiT • ^i^^^^f (Gluconacetobac 

ter entanii) Wl«-(?t57t bs<?*~ • T/UhT 
ir 4 (Acetobacter altoacetigenes M 

H-24) tS (FERM BP-491) S:6%^> 4% 

45 j.^y-yuSrgSJnbfeYPG^flS (3%^^-^> 
0. 5%g#S^^^, 0. 2%^y-<7 P H^) t*3 0t 

(7, 5 0 0X g , 10») Is «ffSr#fc 0 Wbftfc 
«*J:9, fl»W!BB6 0-9 4 8 9#43i«»cH!»SiXfc* 
so JSfetrJ:!?, JftfeffDNASrWKLfc. 



- 6 - 
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[0 0 4 3] ±|S0)J:5»wU-C»bftfc&fe#DNA«: 
WHiSph IX«U Wflk'l enow fr 

ii-sst h/u^^ ^-p mv 2 4 sr, mmmm 

Sma I-C9WfLfc 0 £ tlbCDD N A?:Stf ojg'g* 
U 7^y-v^3 h (TaKaRa DNA Ligation KitV 

er.2, £iligtfc«) SrfflV^XifiSb-C^a^r-feh^ 

[0 044] (2) T=*^ — ifjtfc^c^n — 

^No. 1 0 2 ZVt\Z=*\'9 hn^l/— >a Vffi 

^ * h !J — (BioscL Biotech. Biochem. ), 58#, 9 7 4 
M, 1 9 9 4¥) tff^t, 2%SE** 100/ig 

/m l OTyb'^y y^ttpY p g$^»t, 30 

[0 0 4 5] 4C/c3nr:-^l 00// g/mlCQTV 

h I frtfrt 5 **— Wfc£*vC*50 * Z<D-?7* ^ K&rp 
SltA*tto * p — ^kSiXfcDNAHfJTr<0 5 ^> 
Tir h/*** — • rtfNo. 1 0 2 3*fcSr2%SraeS: 

#J3. 5kbpC0SphI-XbaI SrJtT?fcofc 0 Z 

ftV^Tir h/^^— • TtfNo. 1 0 2 3$fc£r2%g£ 

[0 0 4 6] (3) * ^k*iXfcDNAl8f^'^>*aS 

y^-U^ayfttoT^lfco *<£>*S*, E 
?!J#»3lw|B<Rbfc«»EyJ* s «:36Six^:o T*b'<9 
-T-fc^No. i o 2 3*(&»^fcH«lw. ETUife 
^J4W*ODNA«^««»wOV^T:f?ftV\ WWfjStt 

ftStfc3 3 4 8*ao«atE?iJlwOl^, EOT»*3 
(r!E*cLfc 0 E?»«-3IE«^aUHEW*KH:, JfiS# 
#4 8 9ft>bittt*9-3 1 7 9K*»»fC, E2W»*4IC 

[0 0 4 7] (HK#J3) T-fe • Tir^S* 

COT =i ~9 — Ifi^JHtW* U^:J»K*5*»"C^ft 

(1) Tir h/<^* — • Tirf 1 — OJKIOtotfe 

h/<^~ • Tir^No. 1 0 2 3«ft*^Tnn 



fl-30 7 3) SrPCRSsKJ: t>i««U ^<0if«»r 

^9>f K • • ^V'M o^f - TV K • ^4 $ & 
05 /MtDv 5 - (Appl. Environ. Microbiol.) 5 5t, 
1 7 11, 1 9 8 9¥) <pfWPR|**Sma 1 4ffl»gBfiHw 
#Al, ^^KpACOlSrfPfilfco fPJtt 

ufc^^^^ kpaco i w#AW)T"^«»Ewi-ae» 

10 [004 8] IWpACOlSrrtM^^-'TW 
No. 1 0 2 3tttC^n.l/^ h O/tfU— > a (^ 
-^^m^^ . /M Ory-? J TV K • '<4*4r 

^ ^ b V — (Biosci. Biotech. Biochem.) ^ 5 
9 741, 1 9 9 4¥) \Z.£oXl&'Km&Vtio 

15 0 0/x g/m 1 OTVfcVVJJ >RXf2%<Dffik 

20 [00 4 9] ( 2 ) »K<g*»(^»afcBtt 

UfcYPGi$ffiT*09£W£r, ^F/^^"PMV2 
4 ©*S:»AlfcS*rt b/^ • 7tf N o . 1 
25 0 2 3Wtit^Vf^ o 

[0 0 5 0] JMW&fctt, BfflfeO%*>4V^tt3%, 
/ — yu3%, T^trs/Jl VI 0 0 n g/m I Sr^tf 1 0 
OmlOTPGitii^ 3 O^^SSiS* (150r 
P m) Sr^T?iv^, »«Ba^i»*^8««***W 

30 ^W^5 5 0nraHfcit§KS»ftt5^^ 

[0051] *:(Dfe^ m 3 ic^-ri 5 3 / 

— • TtfNo, 1 0 2 3*-(*£1ffcS:H:*e>*l 
35 ft*»ofc*«, 3%BI?Sft4: 3%ai^/-^SraS*0Ufc#» 

Tir h/-^^^— • Tir^N o. 1 0 2 3t*"Ctt*t*t?# 

40 [00 5 2] ( 3 ) J^Htemt* <t 7E^<D^mSI*ffitt 
^^^^ KpACOl $:t«7yt 4 y^ ^Wtt^^W 
v^-V b/w<^*— pMV 2 40?^?r3ffAbfc 
7t^T± Y*99~ • Tir^-No. 1 0 2 3tt"C73^ 
y bWit K9^— tfJStt (73i?-*Sft) 

45 K • • xyf^o^ ((Methods En 
zymol.), 1 3*. 2 61, 1 9 6 9¥) 
^ r/u=--^IBl7K*»**:»Bfc«^)*S y y K • 
^-y . xyf/f^P^ (Methods Enzym 
o 1 .) , 8 9*. 4 5 01, 1 9 8 2^) % 7^ft 
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is-tfyf n (Methods Enzymol.) 8 

g#, 4 9ii, 1 9 8 2¥) K-tn-eiiwu-cnjeu 



[0 0 5 3] 
l«l] 





(U/mg) 


(U/mg) 


(U/mg) 




0. 56 


0.6 8 


3.10 ! 




1.16 


0.6 4 


2. 78 



[0 0 5 4] *1 9, jRWB»«cttr^=-/l' 

^^-.XtfNo. i o 2 3Wtl^^-^^"C*foofc 

[00 5 5] (J«[«4) T*h^*--T**-ft* 
o. 1 0 2 3«<igW" - JJ 



15 



20 



[O0 5 6] 5L«^'^- 
ftfIf«;KMJ-5A) SrfflV^-C, I1F&1%, ^ 

— /U3%> T^f">y ^1 0 0 n g/m 1 £^tf 
2. 5L<OYPG*S6l--C, 3 0t, 400 rpm, 
0. 20vvm©I«l«j^*S:ff4V\ BMHME-3%' 
4T?3BI*£ii:fc. r(O««7 0 0mLlCx^/-;U4 
%> ryf-zDyiOO/jg/ml^tfl. 8 L COY 
PGJgifllSrSsAnU 1 

[0 0 5 7] 
1^2] 







(OD660/h r) 


(%/h r) 




8. 4 


0. 0 3 0 7 


0.106 




10.5 


0 . 0 3 6 3 


0.174 



[0 0 5 8] *2©i*i»b. »WE**«>**^ 

[0 0 5 9] mMM5) ^ayrtM?*- 1 

(1) Tir h/^^^?— • T-fc<^cDfi£fC^& 
^ l^^ — . T/ u (-Tirfy^XMH- 2 4^**^0 

fiift3 0 7~3 2 3 9) S:PCR«6tw±9i|MiU 
^CD^*#kftfc*li*I»fJi £B a mHI, EcoRIf 

MV 2 4 (7/7^f K • ■ ^V'M n / V h • 
K . ^/f^D^tov'- (Appl. Environ. Microbio 
1.) 5 5t, 1 7 11, 1 9 8 9¥) ®«IIS»*Bam 
H I - E c oR I«lWr»ffi^#Abfe7'?^5 Kp AC 
O 1 1 Sr^SSLfCo 
[0060] rCpACOl 1 SrTir h/<^*- • T-fe 
fNo. 1 02 3»i:i^H3*l/->syft ('W 



5 V D — (Biosci. Biotech. Biochem. ) , 5 8f, 
9 7 4H, 1 9 9 4¥) l:i-3tIS^tt. »WE 
fttttt lOOdg/ml^^!) Vjfctf 2 %cOS^g? 
35 &i^LfcYPG*^#«n?aHRUfc. WR»*Ji-C4 

[00 6 1] ( 2 ) ^J0E««c«>SBKBi4 
40 ±!EcD£5KLT#e>ftfc^7*S KpACOl 1 

JPL^iYPGititet-CO**^ VfhM^^-pMV 
2 4<^£«ALfc5t1*Tir ]•/<**- • TtfNo. 
1 0 2 3«£i£t&Ufco 
45 [0 0 6 2] JWWSfcli, BFBfc3%, :t.*/-/U3°/<k 
rytvyyioon g/m 1 &£tr 1 0 0m 1 COYP 
GmmiZX. 3 0tt«*S (1 5 0 r pm) Srff* 

50 [0 0 6 3] H4[E*i-J:5K. 3%l«i 
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no. io23tttMi^*^/:^«it ^*«-e#, «w»i:fflv* J: o nmmm 

wre*fc. 05 [0 0 6 5] 

[0 0 6 4] [EM*] 

SEQUENCE LISTING 
<110> Mitsukan Group Corporation 

<120> Structral gene of aconitase from acetic acid bacteria, 

and acetic acid bacteria transformed with said gene, 

and acetic acid fermentation using said transformants 
<130> P02-0084 
<140> 
141> 
160> 4 

<170> Patent In Ver. 2. 0 
<210> 1 
<211> 3073 
<212> DNA 

<213> Acetobacter aceti 

<220> 

<221> CDS 

<222> (354) . . (3065) 
<400> 1 

tgctgatacc gtccagaacc agcctttctc cacggaagac acagagatcc tcggcataaa 60 
gtgctggaaa tgcaccagct tctggcccaa gggcggcttg cccagcaggg aaaggactgt 120 
cagcgataac acttctcctt attgttaccg tgcaaggccg caaaagccgg ggtgcttgcg 180 

ttctcgtggt cgctccccgc cttgtgcctt ttccaactgc cggtatgttc taggcccaac 240 
gggatatcaa gccggttgcc cggcagatct ggcaggcact tggcgccgaa tggtatttta 300 
cggtgtcctg aacgcatcac cagccatcgg ctgtgatcgg ggagagagcg att atg 356 

Met 
1 

aaa acg gtt ggg cac gat aag eta aaa aca ggc cgc acc ctt gag gtg 404 
Lys Thr Val Gly His Asp Lys Leu Lys Thr Gly Arg Thr Leu Glu Val 

5 10 I 5 

gat ggc aag acc tac cac tat ttt tec att ccc gaa gcg gca aag acc 452 
Asp Gly Lys Thr Tyr His Tyr Phe Ser lie Pro Glu Ala Ala Lys Thr 

20 25 30 

att ggc gac gta age cgc ctt ccg gtt teg ctg aag gtt ctt ttg gaa 500 
He Gly Asp Val Ser Arg Leu Pro Val Ser Leu Lys Val Leu Leu Glu 

35 40 45 

aac att ctg egg ttt gaa gat ggg cgc tec tac aat gtg gat gac gec 548 
Asn He Leu Arg Phe Glu Asp Gly Arg Ser Tyr Asn Val Asp Asp Ala 
50 55 60 65 

aag gee att gca ggc tgg ttg cca aag ggt age age agt aag gaa gtg 596 
Lys Ala lie Ala Gly Trp Leu Pro Lys Gly Ser Ser Ser Lys Glu Val 
70 75 80 
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cct ttc aaa cct tea cgt att eta atg cag gac ttc gee ggt gtt ccg 644 
Pro Phe Lys Pro Ser Arg lie Leu Met Gin Asp Phe Ala Gly Val Pro 

85 90 95 

ggt gtg gtg gat ctt gca gee atg cgt gac ggg att gtg age ctg aag 
Gly Val Val Asp Leu Ala Ala Met Arg Asp Gly lie Val Ser Leu Lys 

100 105 110 

ggt gac ccc cag aag gtg aac cca atg gtt ccg gtc aat ctg gtg ate 
Gly Asp Pro Gin Lys Val Asn Pro Met Val Pro Val Asn Leu Val He 

115 120 125 

gac cat tec gtg acg gtg gac cat gca ggc aca aaa gat gcg ctg cag 
Asp His Ser Val Thr Val Asp His Ala Gly Thr Lys Asp Ala Leu Gin 
130 135 140 145 

gaa aac att acg ctg gaa ttt gaa cgc aac gca gaa cgt tat gee ttc 
Glu Asn lie Thr Leu Glu Phe Glu Arg Asn Ala Glu Arg Tyr Ala Phe 

150 155 160 

ctg cgc tgg ggc cag gtg gcg ttt gaa aac ttc tec gtt gtg ccg cca 
Leu Arg Trp Gly Gin Val Ala Phe Glu Asn Phe Ser Val Val Pro Pro 

165 170 175 

gat aca ggc ate tgc cat cag gtg aac ctg gaa tac att gee cag gtg 
Asp Thr Gly lie Cys His Gin Val Asn Leu Glu Tyr He Ala Gin Val 

180 185 190 

gca tgg acc gee aat gtg ggc ggc aag gaa tac gtt tac ccg gat tec 
Ala Trp Thr Ala Asn Val Gly Gly Lys Glu Tyr Val Tyr Pro Asp Ser 

195 200 205 

ctg . tac ggc aca gac age cac acc acc atg ate aac ggt ctg ggc gtg 
Leu Tyr Gly Thr Asp Ser His Thr Thr Met He Asn Gly Leu Gly Val 
210 215 220 225 

ttg ggc tgg ggt gtg ggt ggt att gag get gag gee gca atg ctg ggc 
Leu Gly Trp Gly Val Gly Gly He Glu Ala Glu Ala Ala Met Leu Gly 

230 235 240 

cag ccc att gee atg ctt att ccc gat gtg ate ggc ttt aag ctg aca 
Gin Pro He Ala Met Leu He Pro Asp Val He Gly Phe Lys Leu Thr 

245 250 255 

ggc aag ctg cca gaa ggc gca aca gee acc gat ctg gtg ctg aca gtg 1172 
Gly Lys Leu Pro Glu Gly Ala Thr Ala Thr Asp Leu Val Leu Thr Val 

260 265 270 

acc cag atg ctg cgc aga aaa ggc gtg gtg ggc aag ttt gtt gaa ttc 
Thr Gin Met Leu Arg Arg Lys Gly Val Val Gly Lys Phe Val Glu Phe 

275 280 285 

ttt ggc ccg gca ctt gat cat ctg ccc gtg gcg gac cgt gca acc att 
Phe Gly Pro Ala Leu Asp His Leu Pro Val Ala Asp Arg Ala Thr He 
290 295 300 305 

gee aac atg get ccg gaa tat ggt gca act tgc ggg ttc ttc ccg gtt 
Ala Asn Met Ala Pro Glu Tyr Gly Ala Thr Cys Gly Phe Phe Pro Val 

310 315 320 

gat gcg ctt acg ctg gac ttc ctg cgc cag acc ggt cgt gat gaa cat 
Asp Ala Leu Thr Leu Asp Phe Leu Arg Gin Thr Gly Arg Asp Glu His 

325 330 335 

cgc ate aag ctg gtt gaa gaa tat ctg cgc gcg cag ggc atg ttc cgc 

- 10 - 



692 



740 



788 



836 



884 



932 



980 



1028 



1076 



1124 



1220 



1268 



1316 



1364 



1412 
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Arg lie Lys Leu Val Glu Glu Tyr Leu Arg Ala Gin Gly Met Phe Arg 

340 345 350 

acg cac gaa acg cca gaa cct gtc ttt aca gat gtt ctg gaa ctg gat 1460 
Thr His Glu Thr Pro Glu Pro Val Phe Thr Asp Val Leu Glu Leu Asp 

355 360 365 

etc age acg gtt gtg cct tct ctg gca ggg ccc aag cgt ccg cag gat 1508 
Leu Ser Thr Val Val Pro Ser Leu Ala Gly Pro Lys Arg Pro Gin Asp 
370 375 380 385 

cgc gtg gag ctg aaa age gec aaa acc gcg ttt gaa aaa gaa etc ate 1556 
Arg Val Glu Leu Lys Ser Ala Lys Thr Ala Phe Glu Lys Glu Leu He 

390 395 400 

age tct ttg ggt gtg gec get aac gat gec gat aaa aag gtg ccg gtt 1604 
Ser Ser Leu Gly Val Ala Ala Asn Asp Ala Asp Lys Lys Val Pro Val 

405 410 415 

gec gga acc aac tat gat ctg ggg cag ggc gat att gtt att gec get 1652 
Ala Gly Thr Asn Tyr Asp Leu Gly Gin Gly Asp He Val lie Ala Ala 

420 425 430 

att acc tec tgc acc aac aca tec aac ccg get gtg ctg att gcg get 1700 
lie Thr Ser Cys Thr Asn Thr Ser Asn Pro Ala Val Leu He Ala Ala 

435 440 445 

ggt ctg gtt gec cgc aag gca cgt get eta ggc ctt acg cct aag ccg 1748 
Gly Leu. Val Ala Arg Lys Ala Arg Ala Leu Gly Leu Thr Pro Lys Pro 
450 455 460 465 

tgg gtg aaa acc tct ctg get ccg ggg tct cag gtt gtt acg gat tac 1796 
Trp Val Lys Thr Ser Leu Ala Pro Gly Ser Gin Val Val Thr Asp Tyr 

470 475 480 

ctg aac cgc tct ggc ctg acg acg gat ctg gat gec atg ggc ttc aat 1844 
Leu Asn Arg Ser Gly Leu Thr Thr Asp Leu Asp Ala Met Gly Phe Asn 

485 490 495 

acc gtt ggg tat ggt tgc acc acc tgt ate ggt aac tec ggt ccg ctg 1892 
Thr Val Gly Tyr Gly Cys Thr Thr Cys He Gly Asn Ser Gly Pro Leu 

500 505 510 

cct tct cac att gta gac gcg att gaa aac aac gac ctg gtt get gtt 1940 
Pro Ser His He Val Asp Ala lie Glu Asn Asn Asp Leu Val Ala Val 

515 520 525 

tct gtc ctg tct ggc aac cgt aac ttt gaa ggc cgt att tec ccc aac 1988 
Ser Val Leu Ser Gly Asn Arg Asn Phe Glu Gly Arg He Ser Pro Asn 
530 535 540 545 

gtt egg gee gac tat ctg gca age ccg ccg ctg gtg gtg gca tgt tec 2036 

Val Arg Ala Asp Tyr Leu Ala Ser Pro Pro Leu Val Val Ala Cys Ser 

550 555 560 

ctt ctt ggc acc atg cgt aag gat att acg acg gaa ccg ctg ggc aca 2084 

Leu Leu Gly Thr Met Arg Lys Asp He Thr Thr Glu Pro Leu Gly Thr 

565 570 575 

tec aag gat ggc aag ccg gtt tac ctg aag gat ate tgg ccg acc aac 2132 

Ser Lys Asp Gly Lys Pro Val Tyr Leu Lys Asp He Trp Pro Thr Asn 

580 585 590 

aag gaa att get gac ctt att get tct gec ate age cgt gac gag ttt 2180 
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Lys Glu lie Ala Asp Leu lie Ala Ser Ala He Ser Arg Asp Glu Phe 

595 600 605 

ate aac cgt tac aag aac gcg tec aaa ggc acg aag gaa tgg cag ggt 2228 
lie Asn Arg Tyr Lys Asn Ala Ser Lys Gly Thr Lys Glu Trp Gin Gly 
610 615 620 625 

ctg aag gtt get acg ggt tct gaa acc tat ggg tgg gat ccg ccg tac 2276 
Leu Lys Val Ala Thr Gly Ser Glu Thr Tyr Gly Trp Asp Pro Pro Tyr 

630 635 640 

ttc aag cat atg gat att gaa ccc aag get ccg ggc aat ate gaa ggt 2324 
Phe Lys His Met Asp lie Glu Pro Lys Ala Pro Gly Asn He Glu Gly 

645 650 655 

gcg cgt att ctg gee ctg ctg ggt gac aac ate acg acc gac cat ate 2372 
Ala Arg lie Leu Ala Leu Leu Gly Asp Asn He Thr Thr Asp His lie 

660 665 670 

tct ccg gca ggc tec ate aag aag gat tec ccg get ggt cgt tac ctg 2420 
Ser Pro Ala Gly Ser lie Lys Lys Asp Ser Pro Ala Gly Arg Tyr Leu 

675 t 680 685 

atg gaa cac ggg gtt gaa ccc aaa gac ttc aac tct tgt ggc tec cgc 2468 
Met Glu His Gly Val Glu Pro Lys Asp Phe Asn Ser Cys Gly Ser Arg 
690 695 700 705 

cgt ggg aat gac cgc gtg atg gtg cgt ggt act ttt gee aac ate cgt 2516 
Arg Gly Asn Asp Arg Val Met Val Arg Gly Thr Phe Ala Asn lie Arg 

710 715 720 

ate aaa aac gaa atg ctg cct ggt acg gaa ggt ggg tat tec aag cac 2564 
He Lys Asn Glu Met Leu Pro Gly Thr Glu Gly Gly Tyr Ser Lys His 

725 730 735 

ttc ccg gat ggg aag gaa ggc gee att tac gat gtg gee atg gaa tat 2612 
Phe Pro Asp Gly Lys Glu Gly Ala He Tyr Asp Val Ala Met Glu Tyr 

740 745 750 

aaa aag gac cat gtg ccg ctg gtt gtg att ggt ggc aaa gaa tac ggc 2660 
Lys Lys Asp His Val Pro Leu Val Val He Gly Gly Lys Glu Tyr Gly 

755 760 765 

atg ggc tct tec cgt gac tgg get gca aaa ggc acc ctg ttg ctg ggc 2708 
Met Gly Ser Ser Arg Asp Trp Ala Ala Lys Gly Thr Leu Leu Leu Gly 
770 775 780 785 

gta aag gec gtt att get gaa age ttt ccg ccg cgc tgc cgc act ggc 2756 
Val Lys Ala Val He Ala Glu Ser Phe Pro Pro Arg Cys Arg Thr Gly 

790 795 800 

aca tgc age egg gcg caa agt tgc tct ttc cct ttc aga ccc att ctg 2804 
Thr Cys Ser Arg Ala Gin Ser Cys Ser Phe Pro Phe Arg Pro He Leu 

805 810 815 

cgt tgg gcg cca ccg tea gee ttt ctt gat ctg gtt aaa ggc cat gtg 2852 
Arg Trp Ala Pro Pro Ser Ala Phe Leu Asp Leu Val Lys Gly His Val 

820 825 830 

gac ate ctt ttt gca aat gag gat gaa ate tgc get ttg tac gaa aca 2900 
Asp He Leu Phe Ala Asn Glu Asp Glu He Cys Ala Leu Tyr Glu Thr 

835 840 845 

gaa aat ttt gac gtt gec gca cgt cat acc gca cag gat aca act ttt 2948 
Glu Asn Phe Asp Val Ala Ala Arg His Thr Ala Gin Asp Thr Thr Phe 
850 855 860 865 
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gca gcg etc aca cgc tct ggc ttg ggc age gtt gtc eta cac gat ggg 2996 
Ala Ala Leu Thr Arg Ser Gly Leu Gly Ser Val Val Leu His Asp Gly 

870 875 880 

caa atg ace aag gtt gcg acg gtg ccc aca cag gtt gtg gat aca cag 3044 
Gin Met Thr Lys Val Ala Thr Val Pro Thr Gin Val Val Asp Thr Gin 
885 890 895 

3073 

gcg ctg gag atg cca tgc tgc tgactgga 
Ala Leu Glu Met Pro Cys Cys 
900 

<210> 2 
<211> 904 
<212> PRT 

<213> Acetobacter aceti 
<400> 2 

Met Lys Thr Val Gly His Asp Lys Leu Lys Thr Gly Arg Thr Leu Glu 

1 5 10 15 

Val Asp Gly Lys Thr Tyr His Tyr Phe Ser He Pro Glu Ala Ala Lys 

20 25 30 

Thr lie Gly Asp Val Ser Arg Leu Pro Val Ser Leu Lys Val Leu Leu 

35 40 45 

Glu Asn He Leu Arg Phe Glu Asp Gly Arg Ser Tyr Asn Val Asp Asp 

50 55 60 

Ala Lys Ala lie Ala Gly Trp Leu Pro Lys Gly Ser Ser Ser Lys Glu 
65 70 75 80 

Val Pro Phe Lys Pro Ser Arg He Leu Met Gin Asp Phe Ala Gly Val 
85 90 95 

Pro Gly Val Val Asp Leu Ala Ala Met Arg Asp Gly He Val Ser Leu 

100 105 HO 

Lys Gly Asp Pro Gin Lys Val Asn Pro Met Val Pro Val Asn Leu Val 

115 120 125 

He Asp His Ser Val Thr Val Asp His Ala Gly Thr Lys Asp Ala Leu 

130 135 140 

Gin Glu Asn lie Thr Leu Glu Phe Glu Arg Asn Ala Glu Arg Tyr Ala 
145 150 . 155 I 60 

Phe Leu Arg Trp Gly Gin Val Ala Phe Glu Asn Phe Ser Val Val Pro 

165 170 175 

Pro Asp Thr Gly He Cys His Gin Val Asn Leu Glu Tyr He Ala Gin 

180 185 I 90 

Val Ala Trp Thr Ala Asn Val Gly Gly Lys Glu Tyr Val Tyr Pro Asp 

195 200 205 

Ser Leu Tyr Gly Thr Asp Ser His Thr Thr Met He Asn Gly Leu Gly 

210 215 220 

Val Leu Gly Trp Gly Val Gly Gly He Glu Ala Glu Ala Ala Met Leu 
225 230 235 240 

Gly Gin Pro lie Ala Met Leu lie Pro Asp Val He Gly Phe Lys Leu 

245 250 255 

Thr Gly Lys Leu Pro Glu Gly Ala Thr Ala Thr Asp Leu Val Leu Thr 
260 265 270 
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Val Thr Gin Met Leu Arg Arg Lys Gly Val Val Gly Lys Phe Val Glu 

275 280 285 

Phe Phe Gly Pro Ala Leu Asp His Leu Pro Val Ala Asp Arg Ala Thr 

290 295 300 

lie Ala Asn Met Ala Pro Glu Tyr Gly Ala Thr Cys Gly Phe Phe Pro 
305 310 315 320 

Val Asp Ala Leu Thr Leu Asp Phe Leu Arg Gin Thr Gly Arg Asp Glu 

325 330 335 

His Arg lie Lys Leu Val Glu Glu Tyr Leu Arg Ala Gin Gly Met Phe 

340 345 350 

Arg Thr His Glu Thr Pro Glu Pro Val Phe Thr Asp Val Leu Glu Leu 

355 360 365 

Asp Leu Ser Thr Val Val Pro Ser Leu Ala Gly Pro Lys Arg Pro Gin 

370 375 380 

Asp Arg Val Glu Leu Lys Ser Ala Lys Thr Ala Phe Glu Lys Glu Leu 
385 ,390 . 395 400 

He Ser Ser Leu Gly Val Ala Ala Asn Asp Ala Asp Lys Lys Val Pro 

405 410 415 

Val Ala Gly Thr Asn Tyr Asp Leu Gly Gin Gly Asp lie Val He Ala 

420 425 430 

Ala lie Thr Ser Cys Thr Asn Thr Ser Asn Pro Ala Val Leu He Ala 

435 440 445 

Ala Gly Leu Val Ala Arg Lys Ala Arg Ala Leu Gly Leu Thr Pro Lys 

450 455 460 

Pro Trp Val Lys Thr Ser Leu Ala Pro Gly Ser Gin Val Val Thr Asp 
465 470 475 480 

Tyr Leu Asn Arg Ser Gly Leu Thr Thr Asp Leu Asp Ala Met Gly Phe 

485 490 495 

Asn Thr Val Gly Tyr Gly Cys Thr Thr Cys He Gly Asn Ser Gly Pro 

500 505 510 

Leu Pro Ser His lie Val Asp Ala lie Glu Asn Asn Asp Leu Val Ala 

515 520 525 

Val Ser Val Leu Ser Gly Asn Arg Asn Phe Glu Gly Arg He Ser Pro 

530 535 540 

Asn Val Arg Ala Asp Tyr Leu Ala Ser Pro Pro Leu Val Val Ala Cys 
545 550 555 560 



Ser Leu Leu Gly Thr Met Arg Lys Asp He Thr Thr Glu Pro Leu Gly 

565 570 575 

Thr Ser Lys Asp Gly Lys Pro Val Tyr Leu Lys Asp He Trp Pro Thr 

580 585 590 

Asn Lys Glu He Ala Asp Leu He Ala Ser Ala He Ser Arg Asp Glu 

595 600 605 

Phe He Asn Arg Tyr Lys Asn Ala Ser Lys Gly Thr Lys Glu Trp Gin 

610 615 620 

Gly Leu Lys Val Ala Thr Gly Ser Glu Thr Tyr Gly Trp Asp Pro Pro 
625 630 635 640 

Tyr Phe Lys His Met Asp He Glu Pro Lys Ala Pro Gly Asn He Glu 
645 650 655 
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Gly Ala Arg He Leu Ala Leu Leu Gly Asp Asn lie Thr Thr Asp His 

660 665 670 

He Ser Pro Ala Gly Ser lie Lys Lys Asp Ser Pro Ala Gly Arg Tyr 

675 680 685 

Leu Met Glu His Gly Val Glu Pro Lys Asp Phe Asn Ser Cys Gly Ser 

690 695 700 

Arg Arg Gly Asn Asp Arg Val Met Val Arg Gly Thr Phe Ala Asn He 
705 710 715 720 

Arg lie Lys Asn Glu Met Leu Pro Gly Thr Glu Gly Gly Tyr Ser Lys 

725 730 735 

His Phe Pro Asp Gly Lys Glu Gly Ala He Tyr Asp Val Ala Met Glu 

740 745 750 

Tyr Lys Lys Asp His Val Pro Leu Val Val He Gly Gly Lys Glu Tyr 

755 760 765 

Gly Met Gly Ser Ser Arg Asp Trp Ala Ala Lys Gly Thr Leu Leu Leu 

770 775 780 

Gly Val Lys Ala Val lie Ala Glu Ser Phe Pro Pro Arg Cys Arg Thr 
785 790 795 800 

Gly Thr Cys Ser Arg Ala Gin Ser Cys Ser Phe Pro Phe Arg Pro He 

805 810 815 

Leu Arg Trp Ala Pro Pro Ser Ala Phe Leu Asp Leu Val Lys Gly His 

820 825 830 

Val Asp He Leu Phe Ala Asn Glu Asp Glu He Cys Ala Leu Tyr Glu 

835 840 . 845 

Thr Glu Asn Phe Asp Val Ala Ala Arg His Thr Ala Gin Asp Thr Thr 
850 855 860 

Phe Ala Ala Leu Thr Arg Ser Gly Leu Gly Ser Val Val Leu His Asp 
865 870 875 880 

Gly Gin Met Thr Lys Val Ala Thr Val Pro Thr Gin Val Val Asp Thr 

885 890 895 

Gin Ala Leu Glu Met Pro Cys Cys 
900 

<210> 3 
<211> 3348 
<212> DNA 

<213> Gluconacetobacter entanii 

<220> 

<221> CDS 

<222> (489). . (3179) 
<400> 3 

gcatgctggc tgcgatcggc cagcgcatcg accccggccc acaggacatg gccgccttca 60 
ggtttgcgca aacccgcgag cacgcgcagc aaggtggact tgcccgcgcc attcggcccg 120 
gtcagaagca gggcgtcgcc cgcatccagc gtaaagccga cacggtccag aaccagccgt 180 
tcaccgcgga aaaccgatat attttccact tccagcaggg gacggccggg gggagtaaag 240 
gcaggaatga cggaaatcct ccgatcggtg ggtgaagggg cgggcgggtg aaaaaaacgc 300 

ctgctcccgc tttcttgtta ccgggtccag cttgtgtcgc aaccgcgtcc gggtatgttc 360 
tacccccgtt gggagatcaa gcaggttgtc cccgacaagg tcgcaaatcc cgcacctatg 420 
gaagtggggc gggggaaagt ggtcatacgg gacgatccgt tgctgatgcc tcggaggaaa 480 
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578 



626 



674 



722 



770 



818 



866 



caaagcca atg aag acg gtt ggg cac gac tea atg aaa acg gtc cgc aca 530 
Met Lys Thr Val Gly His Asp Ser Met Lys Thr Val Arg Thr 
1 5 10 

etc aat gtg gac ggc'aag ace tat cat tat ttc tea ate ccg gaa get 
Leu Asn Val Asp Gly Lys Thr Tyr His Tyr Phe Ser He Pro Glu Ala 
15 20 25 30 

gaa aag acg ate ggt tec gtc age cgc ctg ccg gtc age ctg aaa gtg 
Glu Lys Thr He Gly Ser Val Ser Arg Leu Pro Val Ser Leu Lys Val 

35 40 45 

ctg ctg gaa aac gta ctg egg ttc gag gac ggg cat tec tat teg gtt 
Leu Leu Glu Asn Val Leu Arg Phe Glu Asp Gly His Ser Tyr Ser Val 

50 55 60 

gag gat gee aag gee att gcg gaa tgg ctg aag gaa ggg cgc age acg 
Glu Asp Ala Lys Ala He Ala Glu Trp Leu Lys Glu Gly Arg Ser Thr 

65 70 75 

aag gaa gtt ccc ttc aag ccc gcg cgt ate ctg atg cag gat ttc acc 
Lys Glu Val Pro Phe Lys Pro Ala Arg He Leu Met Gin Asp Phe Thr 

80 85 90 

ggc gtt ccc gee gtg gtt gat ctg gee gcg atg cgc gac ggc ate ctg 
Gly Val Pro Ala Val Val Asp Leu Ala Ala Met Arg Asp Gly He Leu 
95 100 105 HO 

aag ctg aag ggc gac ccg cag aag gtg aac ccg ctg gtt ccc gtc aac 
Lys Leu Lys Gly Asp Pro Gin Lys Val Asn Pro Leu Val Pro Val Asn 

115 120 125 

ctg gtg ate gac cat teg gtc atg gtg gac gtg gee ggt teg ccc gaa 
Leu Val He Asp His Ser Val Met Val Asp Val Ala Gly Ser Pro Glu 

130 135 140 

gcg ctg cag gac aac gta acc ate gag ttc gag cgc aat ggc gaa cgc 
Ala Leu Gin Asp Asn Val Thr He Glu Phe Glu Arg Asn Gly Glu Arg 

145 150 155 

tac gee ttc ctg cgc tgg ggc cag gaa gcg ttt gaa aac ttc tec gtc 
Tyr Ala Phe Leu Arg Trp Gly Gin Glu Ala Phe Glu Asn Phe Ser Val 

160 165 170 

gtg ccg ccg ggc acc gga ate tgc cac cag gtg aac ctg gaa tac ate 
Val Pro Pro Gly Thr Gly He Cys His Gin Val Asn Leu Glu Tyr He 
175 180 185 I 90 

gcg cag gcg gtg tgg acg gcg aat gtg gat ggc aag gac tac gee tat 
Ala Gin Ala Val Trp Thr Ala Asn Val Asp Gly Lys Asp Tyr Ala Tyr 
195 200 205 

ccc gac acc ctg ttc ggc acg gac age cat acc acc atg gtc aac ggc 
Pro Asp Thr Leu Phe Gly Thr Asp Ser His Thr Thr Met Val Asn Gly 

210 215 220 

atg ggc gtt ctg ggc tgg ggc gtt ggc ggg ate gag gcg gaa gee gcg 
Met Gly Val Leu Gly Trp Gly Val Gly Gly He Glu Ala Glu Ala Ala 

225 230 235 

atg ctg ggc cag ccg ate gee atg etc ate ccc gac gtg ate ggc ttc 
Met Leu Gly Gin Pro He Ala Met Leu He Pro Asp Val lie Gly Phe 

240 245 250 

aag ctg gtt ggc aag ctg ccc gag ggg gcg acc gec acc gac ctg gtg 
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Lys Leu Val Gly Lys Leu Pro Glu Gly Ala Thr Ala Thr Asp Leu Val 
255 260 265 270 

ctg acg gtc acg cag atg ctg cgc aag aag ggc gtt gtc ggc aag ttt 
Leu Thr Val Thr Gin Met Leu Arg Lys Lys Gly Val Val Gly Lys Phe 

275 280 285 

gtc gaa ttc ttc ggt cct gcc ctt gac cac ctg ccg gtt gcc gac cgt 
Val Glu Phe Phe Gly Pro Ala Leu Asp His Leu Pro Val Ala Asp Arg 

290 295 300 

gcg acc ate gcc aac atg gcc ccg gaa tat ggc gcg acc tgc . ggc ttc 
Ala Thr He Ala Asn Met Ala Pro Glu Tyr Gly Ala Thr Cys Gly Phe 
305 310 315 

ttc ccg gtt gat gac ctg acg ctg gat tac ctg cgc cag acc ggc cgt 
Phe Pro Val Asp Asp Leu Thr Leu Asp Tyr Leu Arg Gin Thr Gly Arg 

320 325 330 

gag gaa cac cgc ate aag ctg acg gcg gaa tac ctg aag gca cag ggc 
Glu Glu His Arg He Lys Leu Thr Ala Glu Tyr Leu Lys Ala Gin Gly 
335 340 345 350 

atg ttc cgt cat gcc gaa teg gcg cac ccc gtg ttc acc gat acg ctg 
Met Phe Arg His Ala Glu Ser Ala His Pro Val Phe Thr Asp Thr Leu 

355 360 365 

gaa etc aac ctt gag acc ate gtg ccg tec ate gcc ggc ccc aag cgc 
Glu Leu Asn Leu Glu Thr He Val Pro Ser He Ala Gly Pro Lys Arg 

370 375 380 

ccg cag gac cgc gtc gtg ctg aag ggt gcg gac aag gcg ttc gag aag 
Pro Gin Asp Arg Val Val Leu Lys Gly Ala Asp Lys Ala Phe Glu Lys 

385 390 395 

gaa ctg acc ggc age ctg ggc gtg ccc gaa gcc gac aag gac aag aag 
Glu Leu Thr Gly Ser Leu Gly Val Pro Glu Ala Asp Lys Asp Lys Lys 

400 405 410 

gcc aag gtg get ggc acc aat tac gag ate ggt cac ggc gac gtg gtg 
Ala Lys Val Ala Gly Thr Asn Tyr Glu He Gly His Gly Asp Val Val 
415 420 425 430 

ate gcg gcc ate acc tea tgc acc aac acc tec aac ccc gcc gtg ctg 
He Ala Ala lie Thr Ser Cys Thr Asn Thr Ser Asn Pro Ala Val Leu 

435 440 445 

ate gcg gca ggc ctg gtg gcg aaa aag gca cgt gcg ctg ggc ctg aag 
He Ala Ala Gly Leu Val Ala Lys Lys Ala Arg Ala Leu Gly Leu Lys 

450 455 460 

ccc aag ccg tgg gtg aag acc teg etc gca ccg gga teg cag gtt gtg 
Pro Lys Pro Trp Val Lys Thr Ser Leu Ala Pro Gly Ser Gin Val Val 

465 470 475 

acc gac tac etc aac cgc gcg ggc ctg cag gcc gaa ctg gac gcg atg 
Thr Asp Tyr Leu Asn Arg Ala Gly Leu Gin Ala Glu Leu Asp Ala Met 

480 485 490 

ggc ttc aac acc gtg ggc tat ggc tgc acg acc tgt ate ggc aac tec 
Gly Phe Asn Thr Val Gly Tyr Gly Cys Thr Thr Cys lie Gly Asn Ser 
495 500 505 510 

ggc ccg ctg gaa gat cac ate gtc gat gcg ate gaa ggc aac aag ctg 
Gly Pro Leu Glu Asp His He Val Asp Ala He Glu Gly Asn Lys Leu 
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515 520 525 

gtt gcg gtg teg gtc ctg teg ggc aac cgt aac ttc gaa ggc cgt att 2114 
Val Ala Val Ser Val Leu Ser Gly Asn Arg Asn Phe Glu Gly Arg He 

530 535 540 

teg ccg aac gtg cgc gee aac tac ctg gee age ccg ccg ctg gtc gtg 2162 
Ser Pro Asn Val Arg Ala Asn Tyr Leu Ala Ser Pro Pro Leu Val Val 

545 550 555 

gcg tat tec ctg ctg ggc acc atg cgt gag gac ate ace ace acg ccg 2210 
Ala Tyr Ser Leu Leu Gly Thr Met Arg Glu Asp He Thr Thr Thr Pro 

560 565 570 

ctg ggc acc tec aag gat ggc aag ccg gtg tac ctg aag gac ate tgg 2258 
Leu Gly Thr Ser Lys Asp Gly Lys Pro Val Tyr Leu Lys Asp He Trp 
575 580 585 590 

ccg acc aac cat gaa ate gee gee ctg atg ggt tec gee ate acg cgt 2306 
Pro Thr Asn His Glu He Ala Ala Leu Met Gly Ser Ala lie Thr Arg 

595 600 605 

gag gag ttc ate aac cgc tac aag cac gta age cag ggc acg aag gaa 2354 
Glu Glu Phe He Asn Arg Tyr Lys His Val Ser Gin Gly Thr Lys Glu 

610 615 620 

tgg cag gcg ctg aag gtc gee acc ggt tec gag acg tac aag tgg gat 2402 
Trp Gin Ala Leu Lys Val Ala Thr Gly Ser Glu Thr Tyr Lys Trp Asp 

625 630 635 

gca tea tec acc tac gtg cag gat ccg ccg tac ttc cag gac ate acg 2450 
Ala Ser Ser Thr Tyr Val Gin Asp Pro Pro Tyr Phe Gin Asp He Thr 

640 645 650 

ccc gaa ccc aag ccg cgt ggc gac ate ate ggt gcg cgc ctg ctg gcg 2498 
Pro Glu Pro Lys Pro Arg Gly Asp He He Gly Ala Arg Leu Leu Ala 
655 660 665 670 

ctg ctg ggt gac aac ate acg acc gac cat ate teg cct get ggc gcg 2546 

Leu Leu Gly Asp Asn lie Thr Thr Asp His lie Ser Pro Ala Gly Ala 

675 680 685 

ate aag gaa age teg cct gee ggc aag tac ctt gaa gag cat ggc gtc 2594 

He Lys Glu Ser Ser Pro Ala Gly Lys Tyr Leu Glu Glu His Gly Val 

690 695 700 

gcg aag aaa gga ctt cac tec tac ggt teg cgt cgt ggc aat gac cgc 2642 

Ala Lys Lys Gly Leu His Ser Tyr Gly Ser Arg Arg Gly Asn Asp Arg 

705 710 715 

gtg atg gtg cgt ggc acg ttt gee aac ate cgc ate aag aac gag atg 2690 

Val Met Val Arg Gly Thr Phe Ala Asn He Arg lie Lys Asn Glu Met 

720 725 730 

ctg ccc ggc acc gaa ggg ggc gtg tec aag cac ttc ccg gac ggc aag 2738 

Leu Pro Gly Thr Glu Gly Gly Val Ser Lys His Phe Pro Asp Gly Lys 
735 740 745 750 

gaa ggc tec ate tat gat gtc gcg atg gaa tac aag aag gag ggc gtg 2786 
Glu Gly Ser He Tyr Asp Val Ala Met Glu Tyr Lys Lys Glu Gly Val 

755 760 765 

ccc ctg gtc gtg ate ggc ggc aag gaa tac ggc atg ggc tec tea cgc 2834 
Pro Leu Val Val He Gly Gly Lys Glu Tyr Gly Met Gly Ser Ser Arg 

770 775 780 



- 18 - 



4$M1 2003-289867 



gac tgg gcg gcc aag ggc acc ctg ctg ctg ggc gtg cgt gcg gtg att 2882 
Asp Trp Ala Ala Lys Gly Thr Leu Leu Leu Gly Val Arg Ala Val He 

785 790 795 

gcc gaa age ttc gag cgt ate cac cgt tec aac ctg gtg ggc atg ggc 2930 
Ala Glu Ser Phe Glu Arg lie His Arg Ser Asn Leu Val Gly Met Gly 

800 805 t 810 

gtg ctg ccg ctg ctg ttt gaa gaa ggc acg acg cgc aag acg ctg ggc 2978 
Val Leu Pro Leu Leu Phe Glu Glu Gly Thr Thr Arg Lys Thr Leu Gly 
815 820 825 830 

ctg aag ggt gac gag acc ttc gaa ate cgc ggt ctg gac aag ate acg 3026 
Leu Lys Gly Asp Glu Thr Phe Glu He Arg Gly Leu Asp Lys He Thr 

835 840 845 

ccg cgt atg acg atg acg atg aca ate acc cgc gcc gat ggc tec aag 3074 
Pro Arg Met Thr Met Thr Met Thr He Thr Arg Ala Asp Gly Ser Lys 

850 855 860 

cag gac gtt ccg ctg ctg tgc cgt gtc gat acg ctg gac gag gtg gag 3122 
Gin Asp Val Pro Leu Leu Cys Arg Val Asp Thr Leu Asp Glu Val Glu 

865 870 875 

tat ttc cgc aat ggc ggc att etc cag acc gtg ctg cgt ggc atg acc 3170 
Tyr Phe Arg Asn Gly Gly lie Leu Gin Thr Val Leu Arg Gly Met Thr 

880 885 890 

aag gcc gcg taatcacatg atccgccccg gttceggteg ggatggatga 3219 
Lys Ala Ala 
895 

taaagaegge ggtcegtate acacgggccg ccgttttttt atgggcagat catatatgea 3279 
tattcagcat aggttacegg tgttaccgtt gcattttaca catateggtg gtgtcttttc 3339 
tctgtattg 3348 
<210> 4 
<211> 897 
<212> PRT 

<213> Gluconacetobacter entanii 
<400> 4 

Met Lys Thr Val Gly His Asp Ser Met Lys Thr Val Arg Thr Leu Asn 

15 10 15 

Val Asp Gly Lys Thr Tyr His Tyr Phe Ser He Pro Glu Ala Glu Lys 

20 25 30 

Thr He Gly Ser Val Ser Arg Leu Pro Val Ser Leu Lys Val Leu Leu 

35 40 45 

Glu Asn Val Leu Arg Phe Glu Asp Gly His Ser Tyr Ser Val Glu Asp 

50 55 60 

Ala Lys Ala He Ala Glu Trp Leu Lys Glu Gly Arg Ser Thr Lys Glu 
65 70 75 80 

Val Pro Phe Lys Pro Ala Arg He Leu Met Gin Asp Phe Thr Gly Val 

85 90 95 

Pro Ala Val Val Asp Leu Ala Ala Met Arg Asp Gly He Leu Lys Leu 

100 105 110 

Lys Gly Asp Pro Gin Lys Val Asn Pro Leu Val Pro Val Asn Leu Val 

115 120 125 

He Asp His Ser Val Met Val Asp Val Ala Gly Ser Pro Glu Ala Leu 
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130 135 140 

Gin Asp Asn Val Thr He Glu Phe Glu Arg Asn Gly Glu Arg Tyr Ala 
145 150 155 160 

Phe Leu Arg Trp Gly Gin Glu Ala Phe Glu Asn Phe Ser Val Val Pro 

165 170 175 

Pro Gly Thr Gly lie Cys His Gin Val Asn Leu Glu Tyr He Ala Gin 

180 185 190 

Ala Val Trp Thr Ala Asn Val Asp Gly Lys Asp Tyr Ala Tyr Pro Asp 

195 200 205 

Thr Leu Phe Gly Thr Asp Ser His Thr Thr Met Val Asn Gly Met Gly 
210 215 220 

Val Leu Gly Trp Gly Val Gly Gly lie Glu Ala Glu Ala Ala Met Leu 
225 230 235 240 

Gly Gin Pro lie Ala Met Leu lie Pro Asp Val lie Gly Phe Lys Leu 

245 250 255 

Val Gly Lys Leu Pro Glu Gly Ala Thr Ala Thr Asp Leu Val Leu Thr 

260 265 270 

Val Thr Gin Met Leu Arg Lys Lys Gly Val Val Gly Lys Phe Val Glu 

275 280 285 

Phe Phe Gly Pro Ala Leu Asp His Leu Pro Val Ala Asp Arg Ala Thr 

290 295 300 

He Ala Asn Met Ala Pro Glu Tyr Gly Ala Thr Cys Gly Phe Phe Pro 
305 310 315 320 

Val Asp Asp Leu Thr Leu Asp Tyr Leu Arg Gin Thr Gly Arg Glu Glu 

325 330 335 

His Arg lie Lys Leu Thr Ala Glu Tyr Leu Lys Ala Gin Gly Met Phe 

340 345 350 

Arg His Ala Glu Ser Ala His Pro Val Phe Thr Asp Thr Leu Glu Leu 

355 360 365 

Asn Leu Glu Thr He Val Pro Ser lie Ala Gly Pro Lys Arg Pro Gin 
370 375 380 



Asp Arg Val Val Leu Lys Gly Ala Asp Lys Ala Phe Glu Lys Glu Leu 
385 390 395 400 

Thr Gly Ser Leu Gly Val Pro Glu Ala Asp Lys Asp Lys Lys Ala Lys 

405 410 415 

Val Ala Gly Thr Asn Tyr Glu He Gly His Gly Asp Val Val lie Ala 

420 425 430 

Ala He Thr Ser Cys Thr Asn Thr Ser Asn Pro Ala Val Leu He Ala 

435 440 445 

Ala Gly Leu Val Ala Lys Lys Ala Arg Ala Leu Gly Leu Lys Pro Lys 

450 455 460 

Pro Trp Val Lys Thr Ser Leu Ala Pro Gly Ser Gin Val Val Thr Asp 
465 470 475 480 

Tyr Leu Asn Arg Ala Gly Leu Gin Ala Glu Leu Asp Ala Met Gly Phe 

485 490 495 

Asn Thr Val Gly Tyr Gly Cys Thr Thr Cys He Gly Asn Ser Gly Pro 

500 505 510 

Leu Glu Asp His lie Val Asp Ala He Glu Gly Asn Lys Leu Val Ala 
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Val Ser Val Leu Ser Gly Asn Arg Asn Phe Glu Gly Arg He Ser Pro 

530 535 540 

Asn Val Arg Ala Asn Tyr Leu Ala Ser Pro Pro Leu Val Val Ala Tyr 
545 550 555 560 

Ser Leu Leu Gly Thr Met Arg Glu Asp He Thr Thr Thr Pro Leu Gly 

565 570 575 

Thr Ser Lys Asp Gly Lys Pro Val Tyr Leu Lys Asp He Trp Pro Thr 

580 585 590 

Asn His Glu He Ala Ala Leu Met Gly Ser Ala lie Thr Arg Glu Glu 

595 600 605 

Phe He Asn Arg Tyr Lys His Val Ser Gin Gly Thr Lys Glu Trp Gin 

610 615 620 

Ala Leu Lys Val Ala Thr Gly Ser Glu Thr Tyr Lys Trp Asp Ala Ser 
625 630 635 640 

Ser Thr Tyr Val Gin Asp Pro Pro Tyr Phe Gin Asp lie Thr Pro Glu 

645 650 655 

Pro Lys Pro Arg Gly Asp He He Gly Ala Arg Leu Leu Ala Leu Leu 

660 665 670 

Gly Asp Asn He Thr Thr Asp His He Ser Pro Ala Gly Ala lie Lys 
675 680 685 



Glu Ser Ser Pro Ala Gly Lys Tyr Leu Glu Glu His Gly Val Ala Lys 

690 695 700 

Lys Gly Leu His Ser Tyr Gly Ser Arg Arg Gly Asn Asp Arg Val Met 
705 710 715 720 

Val Arg Gly Thr Phe Ala Asn He Arg He Lys Asn Glu Met Leu Pro 

725 730 735 

Gly Thr Glu Gly Gly Val Ser Lys His Phe Pro Asp Gly Lys Glu Gly 

740 745 750 

Ser lie Tyr Asp Val Ala Met Glu Tyr Lys Lys Glu Gly Val Pro Leu 

755 760 765 

Val Val He Gly Gly Lys Glu Tyr Gly Met Gly Ser Ser Arg Asp Trp 

770 775 780 

Ala Ala Lys Gly Thr Leu Leu Leu Gly Val Arg Ala Val He Ala Glu 
785 790 795 800 

Ser Phe Glu Arg He His Arg Ser Asn Leu Val Gly Met Gly Val Leu 

805 810 815 

Pro Leu Leu Phe Glu Glu Gly Thr Thr Arg Lys Thr Leu Gly Leu Lys 

820 825 830 

Gly Asp Glu Thr Phe Glu He Arg Gly Leu Asp Lys He Thr Pro Arg 
835 840 845 



Met Thr Met Thr Met Thr He Thr Arg Ala Asp Gly Ser Lys Gin Asp 

850 855 860 

Val Pro Leu Leu Cys Arg Val Asp Thr Leu Asp Glu Val Glu Tyr Phe 
865 870 875 880 

Arg Asn Gly Gly He Leu Gin Thr Val Leu Arg Gly Met Thr Lys Ala 
885 890 895 

Ala 
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<210> 5 
<211> 35 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Discription of Artificial sequence:primer 
<400> 5 

gagagcgatt atgaaaacgg ttgggcaccg ataag 
<210> 6 
<211> 35 
<212> DNA 

<213> Artificial sequence 



<220> 

<223> Discription of Artificial sequence:primer 
<400> 6 

tccagtcagc agcatggcat ctccagcgcc tgtgt 35 

[ 00 66 ] r-tr b'<??— • zs.is9~>t m^(DA^Wffi<Dmmm 

[01] sph I ^rfflV^T^ 7 n^-^^^^^XfcTir = tfH***i«bfc»l^*»^^^*^ 

[02] S p h I Srfflv^T^ p-^y^Stifc^^v K^W*«fi"C^**«ia*^i"HSo 



ill 



[122] 



Sphl 



EcoRI Hindlll 
Pstl | BamHI | Xbal 



Aoonttasa tana 



Sphl 

1 



Sphl 



EcoRI Pall 
Pstl 



Hlndlll 



1J 



BamHI 



Xbal 



Sphl 

I 



Aconttaaa gene 




- 22 - 



2003-28 9 8 67 



(51) Int. CI. 7 WJlJia* FI t-73-K(##) 

C 1 2 R 1:02) 



r 

- 23 - 



